). inactive GDP state until the spindle enters the neck.
Septin Mutants with Inappropriate Mitotic Exit Localization of Lte1-3GFP in Septin Mutants

To identify proteins necessary to delay mitotic exit when
The septin ring functions as a diffusion barrier between the spindle fails to enter the mother/bud neck, we the mother and bud [16, 17] . Lte1p is mislocalized in screened the Research Genetics collection of viable the septin mutant cdc12-6 [18] [19] [20] . We hypothesized haploid deletion mutants for benomyl-sensitive growth; that sep7⌬ or cdc10⌬ mutations might allow Lte1p into this search previously uncovered bub2 [11] . Two septin the mother and may thus activate Tem1p prematurely. mutants, sep7⌬ and cdc10⌬, were identified. The three In addition, the septin ring functions as a scaffold for other vegetative septins in Saccharomyces cerevisiae proteins at the neck [10] , and our previous studies sugare essential in this background and are therefore not gested the existence of a microtubule sensor at the in the collection.
neck. We hypothesized further that loss of Sep7p or Cdc10p might disrupt the scaffold for such a sensor. The diffusion model predicts that Lte1p should mislo- (Figure 2A ). These punctae were mobile, moving at ‫1ف‬ m/s (see Movie 1 in the Supplemental Data available with this article online). The mother did not contain any punctae, and the level of diffuse cytoplasmic staining in the mother was similar to the level of autofluorescence (Figure 2A) . In sep7⌬ cells, Lte1-3GFP also localized predominantly as cortical punctae in the bud. A few cortical punctae were present in the mother, and the level of fluorescence in the cytoplasm of the mother appeared elevated (Figure 2A ). Lte1-3GFP localized similarly in sep7⌬ gin4⌬ and cdc10⌬ cells. To quantitate the level of Lte1-3GFP in the mother, we determined the fluorescence per pixel of the mother from digital images of cells with small to medium buds. The level of Lte1-3GFP was significantly higher in sep7⌬ and cdc10⌬ mothers than in wild-type or arp1⌬ mothers ( Figure 2B ). sep7⌬ gin4⌬ mothers had even higher levels of Lte1-3GFP that were significantly greater than the levels in sep7⌬ and cdc10⌬ mothers.
Our assay for inappropriate mitotic exit provides results in the form of percentages of cells, so we analyzed the Lte1p-3GFP level of the mother in a similar manner. We determined what percentage of mother cells had fluorescence values greater than those for control cells without Lte1p-3GFP ( Figure 2C ). sep7⌬, sep7⌬ gin4⌬, and cdc10⌬ strains all had greater numbers of cells with significantly high levels of Lte1-3GFP in the mother compared to wild-type and arp1⌬ strains. Therefore, these results are consistent with the Lte1p diffusion model. Because Lte1-3GFP punctae are mobile, they may diffuse along the cortex from the bud into the In a sep7⌬ lte1⌬ strain, 9% (3/32) of cells with delayed sep7⌬ lte1⌬ (YJC2767), arp1⌬ sep7⌬ gin4⌬ lte1⌬ (YJC2759), and arp1⌬ cdc10⌬ lte1⌬ (YJC2785).
spindle movement into the neck exhibited inappropriate mitotic exit, and this value was less than the value of 51% (42/83) in sep7⌬ LTE1 cells (Figures 1A and 1B) . Furthermore, 23% (7/30) of sep7⌬ gin4⌬ lte1⌬ cells exited mitosis inappropriately, and this value was less cells that did inappropriate mitotic exit in this study ( Figure 1B) , were loss of all cytoplasmic microtubules than 91% in sep7⌬ gin4⌬ LTE1 cells (Figures 1A and  1B) . Therefore, loss of Lte1p largely suppressed the from the neck and abortive transient movements of the spindle into the neck [7] . Inappropriate mitotic exit ocdefect of sep7⌬ and sep7⌬ gin4⌬ mutants in the spindle position checkpoint, and this finding is consistent with curred ‫51ف‬ min after these phenomena. We reasoned that a wide neck, caused by a defective septin ring, the Lte1p diffusion model.
In a cdc10⌬ lte1⌬ strain, 75% (36/48) of cells displayed might increase the probability of these phenomena and account for inappropriate mitotic exit in cdc10⌬ lte1⌬ inappropriate mitotic exit ( Figure 1C movement of the spindle to the neck or loss of cytoplasmic microtubules from the neck. This further supports a role We hypothesized that Cdc10p might facilitate microtubule capture at the neck, because the cdc12-6 mutant for Cdc10p in sensing microtubules in the neck. shows poor capture [21] . This hypothesis predicts that cytoplasmic microtubules extending from short spindles Septin Ring Morphology The septins Cdc3p, Cdc10p, Cdc11p, Cdc12p, and in cdc10⌬ lte1⌬ cells should be oriented toward the neck less often than in control cells. We found that Sep7p form a ring at the mother/bud neck [12, 15] , which prevents diffusion of some bud-polarized proteins into the percentage of cdc10⌬ cells with short spindles with cytoplasmic microtubules oriented toward the neck was the mother [16, 17] . The septins also act as a scaffold for many other neck-residing proteins, many of which not significantly different from that of control cells: 31% Ϯ 4% SEP, n ϭ 122, versus 36% Ϯ 6% SEP, n ϭ are distributed asymmetrically within the septin ring [10] . sep7⌬ and sep7⌬ gin4⌬ mutants have a defective diffu-55, respectively (SEP is standard error of proportion; 0.1 Ͻ p Ͻ 0.2). Therefore, inappropriate mitotic exit in sion barrier for Lte1p and depend on Lte1p for their defect in preventing inappropriate mitotic exit. We reacdc10⌬ lte1⌬ cells appears not to be due to poor microtubule capture at the neck; this finding suggests that soned that these mutants might have gross discontinuities in the septin ring. On the other hand, cdc10⌬ muthere may be loss of a microtubule sensor at the neck instead.
tants mislocalize Lte1p to a lesser extent than do sep7⌬ or sep7⌬ gin4⌬mutants, and their checkpoint defect Two phenomena found to precede inappropriate mitotic exit in our previous studies, and in the few lte1⌬ does not depend on Lte1p. We reasoned that cdc10⌬
In sep7⌬ gin4⌬ cells, the septin ring, detected with Cdc3-GFP, showed prominent discontinuous overlapping stripes traversing the bud neck in all cells ( Figure  3 ; Movie 10). Occasionally, Cdc3-GFP also localized to the bud in irregular patterns (Figure 3; Movies 11 and  12 ). In cells with multiple buds, the older, residual bud necks consisted almost exclusively of longitudinal stripes. Occasionally, these stripes were broken in the middle, producing two striped rings, one in the mother and one in the bud. This finding suggests that cytokinesis was in progress or was aborted (Movie 10). The exacerbated septin morphology defects in the sep7⌬ gin4⌬ mutant relative to the sep7⌬ mutant parallels the more severe defect of the sep7⌬ gin4⌬ mutant relative to the sep7⌬ mutant in keeping Lte1-3GFP in the bud and preventing inappropriate mitotic exit.
In cdc10⌬ cells, Cdc3-GFP formed a relatively normal single ring early in the cell cycle (Figure 3; Movie 11) . However, the ring did not widen or split into two rings. The persisting single ring was irregular in thickness and was found on the bud side of the neck or was displaced into the bud, away from the neck, in 81% of cells (Figure Septins first appear as a single ring on the cell cortex at the site where the bud will emerge (Movies 2 and 3).
